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© The coding controlling circuit (68) time-divisionally multiplexes the intra-picture coded I, forward predictively 
coded P or bidirectionally predictively coded B data. In the intra-picture coded data among them, an I process 
flag showing the intra-picture coded data is described by the sub-code making circuit (74). At the time of the 
reproduction, when this I process flag is detected, the reproducing speed designating circuit (96) will adjust the 
reproducing speed and at least only the intra-picture coded data will be positively reproduced. The intra-picture 
coded data can be decoded by only the data of one frame. Also, at the time of the special reproduction, the 
reproduced data will be able to be decoded. Further, the output type changing circuit (92) outputs the 
reproduced decoded data at a fixed period corresponding to the designated speed multiplying number and a 
sightly natural special reproduced picture is obtained. 

FIG.1 
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Background of the Invention: 
Field of the Invention: 

5 This invention relates to a high efficiency coding recording and reproducing apparatus adopting a high 
efficiency coding adapted to digital video tape recorders and digital audio tape recorders. 

Related Art Statement: 

w Recently, the digital processing of pictures is investigated. Particularly, on the high efficiency coding for 
compressing picture data, various systems have been suggested for the standardization. In order to 
improve the efficiency of the digital transmission and recording, the high efficiency coding technique is to 
code picture data with a smaller bit rate. As such high efficiency coding systems, the CCITT (International 
Telegraph and Telephone Consultative Committee) has suggested the JPEG (Joint Photographic Experts 

is Group) system for color still pictures and the MPEG (Moving Picture Experts Group) system for moving 
pictures of the television conference/television telephone standardizing recommendation draft H.261 (as 
described in detail in "High Efficiency Picture Coding System Integrated" in the "Electronics" No.511, 
October 15, 1990 published by Japan Economic Journal Company).AII of these three suggestions are of 
systems based on the DCT (Discrete Cosine Transform). 

20 Fig. 20 is an explanatory diagram for explaining the MPEG encoding system. In the diagram, the 
predictive directions in the coding are shown by arrows. Fig. 21 is an explanatory diagram showing the 
order of the picture data by the coding process, the arrangement on the media and the decoding process in 
the MPEG coding system. 

In the MPEG coding system, a GOP (Group Of Pictures) is formed of a predetermined number of frame 

25 pictures and contains at least one intra-picture coded picture I. The intra-picture coded picture I is picture 
data of one frame as coded by the DCT. The picture data of one frame of each predetermined frame a from 
the intra-picture coded picture I are converted to a forward predictive coded picture P by the forward 
predictive coding. Further, the picture data of each frame between the intra-picture coded picture I or 
forward predictively coded picture P and the forward predictively coded picture P are converted to a 

30 bidirectionally predictively coded picture B by the bidirectional predictive coding using the forward and 
rearward predictive coding. 

As shown in Fig. 21 , the intra-picture coded picture I is coded first by only the information within the 
frame and contains no prediction in the time direction. Then, as shown in Fig. 21, a forward predictively 
coded image P is made and a bidirectionally predictively coded picture B is coded after the intra-picture 

35 coded picture I or the forward predictively coded picture P. The forward predictively coded picture P and 
bidirectionally predictively coded picture B utilize the correlation with the other picture data. Thus, because 
of the predicting method of the respective picture data, the coded picture B is recorded on the medium 
after the coded pictures I and P and is returned to the original order at the time when they are decoded. 
The intra-picture coded picture I is coded by only the information within the frame and therefore can be 

40 decoded by only the coded data alone. On the other hand, the forward predictively coded picture P and 
bidirectionally predictively coded picture B are coded by utilizing the correlation with the other picture data 
and can not be decoded by only the coded data alone. 

Now, the circuit shown in Fig. 22 is adopted for the predictive coder and decoder and is mentioned in 
the "TV Picture Multidimensional Signal Process" (written by Keihiko Fukinuki and published by Daily 

45 Industrial Newspaper Company, pages 221 -). Fig. 23 is a waveform diagram for explaining the predictive 
coding of a television signal. 

In the television signal, the correlation between the pixels is high but the difference signal between the 
pixels is small. The predictive coding utilizes such statistical property and sight characteristic (difference 
sensitivity). In the simplest front value prediction, the predictive value xi l is determined by using the pixel xi- 

50 1 one pixel before the present pixel xi. Usually, the linear prediction represented by the predictive value xT 
= a xi-1 (a represents a prediction coefficient) is made. If the difference (prediction error) from the true 
value is represented by £ i, the E i will be calculated by the below mentioned formula (1) and will be coded. 
By the way, Fig. 23 shows the case that the prediction coefficient a is 1: 

55 Z i = xi - xi' = xi - a * xi-1 (1). 

That is to say, in Fig. 22(a), the video signal from the camera 42 is converted by the A/D converter 43 
to a digital signal which is input into the subtractor 44 and delaying circuit 45. The signal input into the 
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delaying circuit 45 is delayed by one pixel signal, is then multiplied by the prediction coefficient a in the 
multiplier 46 and is given to the subtracter 44. In the subtractor 44, the output of the multiplier 46 is 
subtracted from the output of the A/D converter 43 to determine Z i of the above mentioned formula (1). 
Further, the output of the subtractor 44 is quantized by the non-linear quantizing circuit 47 and is output to 

5 the transmitting path 48. By the way, as the prediction error deviates in the distribution as seen statistically, 
the non-linear quantization is adopted in the coding. 

On the other hand, in the decoder, the signal from the transmitting path 48 is input into the typical value 
circuit 49. In the typical value circuit 49, in order to obtain characteristics reverse to the compression 
characteristics in the non-linear quantizing circuit 47 of the coder, the elongation characteristics are 

w obtained by using the reverse function of the function adopted in the non-linear quantizing circuit 47. The 
output of the typical value circuit 49 is given to the D/A converter and LPF (low pass filter) 51 through the 
adder 50, is converted to an analogue signal and is given also to the delaying circuit 52. The output of the 
delaying circuit 52 is given to the adder 50 through the multiplier 53 multiplying the prediction coefficient a. 
That is to say, the pixel xi of the above mentioned formula (1) is obtained by the loop of the adder 50, 

75 delaying circuit 52 and multiplier 53. The output of the D/A converter and LPF 51 is given to the monitor 54 
and is displayed. 

By the way, in order to prevent the quantizing strains of the non-linear quantizing circuit 47 from being 
accumulated, in fact, in the coder, the circuit shown in Fig. 22(b) is adopted. .That is to say, the local 
decoder 55 comprising the typical value circuit 49, adder 50, delaying "tircuit 52 and multiplier 53 is 
20 adopted to make a signal to be given to the subtractor 44. Thus, the quantizing strains will not be 
accumulated. 

Now, the above described MPEG coding system is considered to be applied to the DAT (digital audio 
tape recorder) or VTR (video tape recorder). Fig. 24 is a traced pattern diagram showing the recorded 
tracks in this case by the track pattern coordinate method. In the diagram, the hatched parts show the 
25 recording positions of the intra-picture coded pictures I. 

As described above, in the MPEG coding system, first, the data of the coded pictures I shown by the 
hatches are recorded on the recording medium. Then, the data of the bidirectionally predictively coded 
pictures B and forward predictively coded pictures P are successively repeatedly recorded. In Fig. 24, the 
first GOP is recorded until the midway of the fourth track. The next GOP is recorded from the midway of 
30 the fourth track to the last of the sixth track. The coded picture I in the picture at the top of the next GOP is 
recorded at the top of the seventh track. 

In the MPEG coding system, the recording rate is regulated (typ. 1.2 Mbps) but the data length is 
variable. Therefore, as shown in Fig. 24, the position of the track in which the intra-picture coded picture I 
always contained in the GOP is recorded can not be specified and the data length of 1 GOP can not be 
35 also specified. 

Even in this case, in the usual reproduction, the respective coded pictures I, B and P are successively 
reproduced and therefore there is particularly no problem. However, at the time of such special reproduc- 
tion as the quick fed reproduction, only a part of the recorded track will be reproduced, therefore the 
recording position on the recording medium of the intra-picture coded picture I will not be regularly 
40 arranged and the intra-picture coded picture I may not be reproduced. In such case, even in case the other 
coded data are positively reproduced, these data will not be able to be decoded. . 

On the other hand, as a moving picture coding system, there is a method wherein only the intra-picture 
coding is adopted instead of the above described MPEG system. Fig. 25 is a block diagram showing a 
related art of a high efficiency coding recording and reproducing apparatus suggested in "An Experimental 
45 Study for a Home-Use Digital VTR" (IEEE Vol. 35. No. 3, Aug. 1989). 

In Fig. 25, of video signals, a luminance signal Y is sampled with a sampling clock, for example, of a 
frequency of 13.5 MH Z and color difference signals Cr and Cb are sampled with a sampling clock, for 
example, of a frequency of 13.5/4 MH 2 . These signals Y, Cr and Cb are input into the memory 1 which 
converts the input interlaced signals to be of a frame structure and outputs horizontal and vertical direction 
so 8x8 pixels as one block in a block unit to the bit rate reducing circuit 2. 

Fig. 26 is a block diagram showing the concrete formation of the bit rate reducing circuit 2. 

In the DCT circuit 3 of the bit rate reducing circuit 2, a signal in which one block is formed of 8 x 8 
pixels is input and is converted to a frequency component by the two-dimensional DCT (Discrete Cosine 
Transforming) processing of the 8 x 8 pixels. Thereby, the spatial correlative component can be reduced. 
55 That is to say, the output of the DCT circuit 3 is given to the adapted quantizing circuit 5 through the buffer 
memory 4 and is re-quantized by the adapted quantizing circuit 5 so that the redundancy of the signal of 
one block will be reduced. In this case, in the data amount evaluating circuit 7, the data amount is evaluated 
from the data from the DCT circuit 3 and the coefficient based on the evaluated result is generated. In the 



3 



EP 0 505 985 A2 



adapted quantizing circuit 5, the quantization is made on the basis of this coefficient. 

Further, the quantized data are given to the variable length coding circuit 6 and are, for example, 
Haffman-coded on the basis of the result calculated from the statistical coded amount of the quantized 
output. Thereby, short bits are allotted to data high in the appearing probability and long bits are allotted to 

5 data low in the appearing probability so that the transmitted amount will be further reduced. Thus, the data 
of 162 Mbps are compressed to 19 Mbps and are given to the coder 8 in Fig. 25. 

In the coder 8, the parity for correcting errors is added to the data and they are output to the channel 
coder 10. In this case, in the coder 8, the variable length data of respective blocks are synchronized with 
synchronous signals, are converted to synchronous blocks of a fixed length and are output. In the channel 

ro coder 10, the output of the coder 8 and the voice signal from the voice processing circuit 9 are recorded 
and coded in response to the characteristics of the recording media, are given to the recording amplifier 
(R/A) 11 and are recorded in the medium 12. Thus, as shown in Fig. 27, the data of the respective blocks 
are converted to synchronous blocks of the same data length and are recorded. 

On the other hand, at the time of the reproduction, the signal reproduced from the recording medium 12 

75 will be given to the detector 14 through the reproduction amplifier (H/A) 13. In the detector 14, the bit clock 
of the reproduced signal is detected, the recorded data are decoded, the TBC (Time Base Correction) 
process correcting the time axis or the like is made and then the data are output to the decoder 15 in which 
such errors as random errors and burst errors generated at the time of the recording and reproduction are 
corrected by using correcting codes and are given to the bit rate decoder 16. fn the bit rate decoder 16, the 

20 variable length code from the decoder 15 is decoded, the reverse quantizing process and reverse DCT 
process are made and the original information is restored. In this case, a non-reversible compressing 
process will be made by the re-quantizing process and some strains will be generated. The data decoded 
by the bit rate decoder 16 are given to the memory 17, are converted to be of the same format as of the 
input and are output. By the way, in the voice processing circuit -18, the voice signal from the detector 14 is 

25 voice-processed and is output. 

Thus, the coded data will be recorded in a synchronous block unit of a fixed length at the time of the 
recording, the picture and recording position correspond to each other and such special reproduction as of 
the VTR is possible to some extent. However, in this method, there is a defect that the compression 
efficiency is low. 

30 Also, in the "Fixed Electronic Still Camera Rate Adapted Type DCT Coding System* suggested in the 
1989 Telecommunication Society Spring Nation-wide General Meeting D-159 is disclosed an example that 
the recording is made by limiting the code amount in a unit recording time to a fixed range. Rg. 28 is a 
circuit diagram for explaining this suggestion. 

A signal of one block of 8 x 8 pixels input through the input terminal 21 is DCT-processed by the DCT 

35 circuit 22 and is then given to the scan converting circuit 23. As shown in Fig. 29, the outputs (DCT 
conversion coefficients) of the DCT circuit 22 are arranged in the order from the low region components to 
the high region components in the horizontal and vertical directions. In the scan converting circuit 23, as the 
information concentrates in the low region components in the horizontal and vertical directions of the DCT 
conversion coefficients, as shown by the numbers in Fig. 29, the scan is made zigzag from the low region 

40 components toward the high region components in the horizontal and vertical directions to output the DCT 
conversion coefficients to the quantizing circuit 24. By the way, the part of the number 0 in Fig. 29 shows a 
DC component (direct current component) and its value is an average value of alt the conversion 
coefficients. The other parts are AC components. 

On the other hand, a parameter o showing the information amount of the input image is input into the 

45 multiplier 26 through the input terminal 28. In the multiplier 26, the information of the basic quantizing 
coefficient preset for each frequency component of the DCT conversion coefficient is given from the Q table 
27 and this information is multiplied by the parameter a and is output to the quantizing circuit 24 through 
the limiting circuit 25. In the quantizing circuit 24, the DCT conversion coefficient is quantized on the basis 
of the quantizing coefficient from the limiting circuit 25. That is to say, in the quantizing circuit 24, the 

so quantization is corrected for each frequency component by the output of the limiting circuit 25 and the 
coding rate is controlled. By the way, in the limiting circuit 25, the minimum quantizing coefficient is limited 
on the basis of the encoding efficiency and the data of the Q table 27. 

Further, a picture coding system is suggested by the present applicant in the specification of Japanese 
Patent Application Laid Open No.404811/1990 and the data appearing at the output terminal 30 in Fig. 28 

55 are made to be of a fixed length. Rg. 30 is a block diagram for explaining this suggestion. 

A signal of the macro-block shown in Rg. 31 is input into the input terminal 31. As shown in Rg. 31, in 
case the sampling frequency is 4 f^ (fsc is a color sub-carrier frequency), the number of effective pixels of 
one frame picture will be approximately horizontal 768 pixels x vertical 488 pixels. In the color difference 
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signals Cr and Cb, the sampling rate in the horizontal direction is half, that is, 2 fsc. Therefore, while two 
luminance blocks of 8 x 8 pixels are sampled, in the color difference signals Cr and Cb, respectively one 
block of 8 x 8 pixels will be sampled. A macro-block is formed of these four blocks. The data of this macro 
block are input into the DCT circuit 33 through the buffer memory 32, are DCT-processed and are further 

5 quantized by the quantizing circuit 34 to obtain the same quantized output as the quantized output in Fig. 
28. In this case, as shown in Fig. 32, at the top of each macro-block are added code amount data L 
showing the code amount of the macro-block. 

This quantized output is divided in the frequency, the low region component is coded by the low region 
coding circuit 35 and the high region component is coded by the high region coding circuit 36. The coded 

to data from the low region and high region coding circuits 35 and 36 are given to the multiplexer (mentioned 
as MUX hereinafter) 39 respectively through the buffer memories 37 and 38 and are time-divided and 
multiplexed. Figs. 33(a) and (b) are explanatory diagrams for explaining the multiplex method. In Rg. 33(a), 
the low region component and high region component are successively arranged following the code amount 
data L. In Fig. 33(b), the low region component is arranged before the code amount data L and the high 

15 region component is arranged after the code amount data L. %. 

The output of the MUX 39 is given to the packing circuit 40 and is provided with a macro-block address 
(MBA) and macro-block pointer (MBP) in a synchronous block unit. Rg. 34 is an explanatory diagram 
showing this state. The macro-block address shows the data of the position on the: picture of the macro- 
block, that is to say, the order within one frame or one field, for example, added following the synchronous 

20 signal. The macro-block pointer is added following this macro-block address and then the code amount data 
L and macro-block in Fig. 32 are arranged in the picture coding data sector. The picture coding data sector 
is sectioned by a unit of 54 bytes. As shown in Rg. 35, the macro-block is started or ended in the midway 
of the picture coding data sector. The macro-block pointer shows the byte position of the picture coding 
data sector from which the macro-block is started. Thus, the coded data fixed in the length within the frame 

25 are output from the packing circuit 40. 

By the way, in the format in Fig. 34, two data P of the C1 series (61, 57) of the Read Solomon codes 
(R.S. codes) are added as error correcting codes. As error correcting codes in the magnetic recording 
system, as adopted in the "Error Correcting Apparatus" in the publication of Japanese Patent Application 
Laid Open No.3224/1979, D-1 digital VTR, D-2 digital VTR and DAT, the Read Solomon codes are mostly 

30 used. For example, in the D-1 standard, the codes of the C1 series (64, 60) and C2 series (32, 30) are 
adopted, in the D-2 standard, the codes of the C1 series (93, 85) and C2 series (68, 64) are adopted and, in 
the DAT, the codes of the C1 series (32, 28) and C2 series (32, 26) are adopted. 

Rg. 36 is an explanatory diagram for explaining the D-1 standard. Fig. 37 is an explanatory diagram 
showing the recorded state of recording tracks of a VTR. 

35 In the C1 series of the D-1 standard, as shown in Fig. 36, four correcting codes p, q, r and s are allotted 
to 60 data. In the C2 series, two correcting codes P and Q are allotted to 30 data. As shown in Fig. 37, in 
one track of the VTR, a plurality of data in Rg. 36 are continuously recorded. By the way, in one 
synchronous block, n (n £ 1 ) codes of the Ci series are provided. 

Thus, in this example, the quantized output is classified in each frequency component of the conversion 

40 coefficient and the low frequency component is arranged in the reference position of each macro-block. 
Further, the macro-block pointer and the macro-block address showing the position on the picture are 
arranged in each synchronous block having an integral number of synchronous informations. Further, by 
adding the code amount data L, the gross code amount of the macro-block can be caught and is fixed in 
the length within the frame. By the macro-block address and macro-block pointer, each macro-block and 

45 the position on the picture can correspond to each other. 

However, if such information as of the macro-block address, macro-block pointer and code amount data 
L lacks, the decoding will not be able to be made. For example, if an error is generated in the code amount 
data L, not only the lacking macro-block data but also the following macro-block will be erroneous and will 
not be able to return from the error until the macro-block address and macro-block pointer of the next 

50 synchronous block reach the designated part. Also, the respective macro-blocks are variable length coded 
and there has been a problem that such special reproduction as the quick fed reproduction of a VTR is 
impossible. Object and Summary of the Invention: 

An object of the present invention is to provide a high efficiency coding recording and reproducing 
apparatus wherein, in order to improve the coding efficiency, a variable length coding is adopted, even in 

55 case an error is generated in predetermined data, the return from the error will be easy and the reproduced 
picture quality is kept constant. 

Another object of the present invention is to provide a high efficiency coding recording and reproducing 
apparatus wherein, at the time of such special reproduction as of a VTR, a decoded picture will be able to 
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be positively obtained. 

The high efficiency coding recording and reproducing apparatus according to the present invention 
comprises a recorded code arranging means fed with coded data in which intra-frame coded data and inter- 
frame coded data are time-divisionally multiplexed and outputting the intra-frame coded data with the 

5 addition of a flag showing that they are intra-frame coded data, a flag detecting means fed with reproduced 
data from a recording medium in which the coded data are recorded and detecting the flag, a decoding 
means switching the intra-frame decoding process or inter-frame decoding process on the basis of the 
output of the flag detecting means and decoding the reproduced data from the recording medium, a 
recording position presuming means presuming the recording position on the recording medium of the 

10 intra-frame coded data from the output of the flag detecting means, a reproducing speed designating means 
controlling the trace of the the recording tracks of the recording medium on the basis of the data of the 
speed multiplying number at the time of the reproduction and the output of the recording position 
presuming means and an outputting means outputting the output of the decoding means at a period based 
on the data of the speed multiplying number, also comprises on the recording side a coding means 

75 converting in the frequency and coding the data of a predetermined block within one picture, a low region 
component coding means coding for a variable length the low region component of the conversion 
coefficient from the coding means, a high region component coding means coding for a variable length the 
high region component of the conversion coefficient from the coding means and a recorded signal 
arranging means multiplexing the outputs of the low region component and high region component coding 

20 means, outputting them in a unit of a synchronous block of each synchronous signal and outputting the 
output of the low region component coding means as arranged in a predetermined position of the 
synchronous block, further has a recording means recording the output of this recorded signal arranging 
means on the tracks of the predetermined recording medium so that the synchronous blocks may be 
arranged at fixed intervals, comprises on the reproducing side a reproducing means reproducing the data 

25 recorded on the recording medium at a predetermined speed multiplying number and outputting the 
reproduced data, a synchronizing and detecting means detecting a synchronous signal in each synchronous 
block when the reproduced data are given, a high region decoding means decoding the data of the high 
region component included in the reproduced data, a low region decoding means decoding the data of the 
low region component included in the reproduced data, an output order changing means changing the 

30 output order of the low region decoding means in outputting on the basis of the output of the synchronizing 
and detecting means and a decoding means decoding as converted in the reverse frequency the output of 
the high region decoding means and the output of the output order changing means and reproducing the 
picture, further has on the recording side a difference coding means coding the difference of the output of 
the low region component coding means and a recording means switching and selecting the output of this 

35 difference coding means or the output of the low region component coding means and recording it in a 
predetermined recording medium together with the output of the high region component coding means, 
comprises on the reproducing side a reproducing means reproducing the data recorded in the recording 
medium with a predetermined speed multiplying number and outputting the reproduced data, a selection 
instructing means making the recording means select the output of the low region component coding 

40 means at a predetermined timing based on the speed multiplying number at the time of the high speed 
reproduction of this reproducing means and making the recording means select the output of the difference 
coding means at another timing, a high region component decoding means decoding the high region 
component included in the reproduced data, a detecting means detecting whether the reproduced data are 
the data of the low region component coded in the difference or not, a difference decoding means decoding 

45 the low region component coded in the difference and included in the reproduced data on the basis of the 
output of this detecting means, a low region component decoding means decoding the low region 
component not coded in the difference and included in the reproduced data on the basis of the output of 
the detecting means, a track crossing detecting means detecting the timing of tracing across the tracks on 
the recording medium at the time of the high speed reproduction of the reproducing means and outputting 

50 the detected pulses and a tracking controlling means determining the optimum tracing position by the 
output of the detecting means of the timing of the detected pulses and regulating the tracking of the 
reproducing means in response to the data of the speed smultiplying number. 

The other features and advantages of the present invention will become apparent enough with the 
following description. 

55 

Brief Description of the Drawings: 

Fig. 1 is a block diagram showing an embodiment of the high efficiency coding recording and 
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reproducing apparatus according to the present invention. 

Fig. 2 is a tracing pattern diagram showing by a track pattern coordinate method the recorded tracks in 
the embodiment in Fig. 1 . 

Fig. 3 is an explanatory diagram for explaining the operation of the embodiment in Fig. 1 . 
5 Fig. 4 is a block diagram showing another embodiment of the present invention. 

Fig. 5 is an explanatory diagram showing a data format obtained by the embodiment in Fig. 4. 

Fig. 6 is an explanatory diagram showing a data format obtained by the embodiment in Fig. 4. 

Fig. 7 is an explanatory diagram showing a data format obtained by the embodiment in Fig. 4. 

Fig. 8 is an explanatory diagram showing a data format obtained by the embodiment in Fig. 4. 
10 Fig. 9 is an explanatory diagram for explaining a recorded pattern of a magnetic tape of the 
embodiment in Fig. 4. 

Fig. 10 is an explanatory diagram for explaining a recorded pattern of a magnetic tape of the 
embodiment in Fig. 4. 

Fig. 1 1 is a block diagram showing another embodiment of the present invention. 
75 Fig. 1 2 is a tracing pattern diagram showing by a track pattern coordinate method the recorded tracks 
in the embodiment in Fig. 11. 

Fig. 13 is a tracing pattern diagram showing by a track pattern coordinate method the recorded tracks 
in the embodiment in Fig. 11. 

Fig. 1 4 is a block diagram showing another embodiment of the present invention. 
20 Fig. 1 5 is a block diagram showing another embodiment of the present invention. 

Fig. 1 6 is a block diagram showing another embodiment of the present invention. 

Fig. 1 7 is a tracing pattern diagram showing by a track pattern coordinate method the recorded tracks 
in the embodiment in Fig. 16. 

Fig. 18 is a flow chart for explaining the operation of the embodiment in Fig. 16. 
25 Fig. 19 is a flow chart for explaining the operation of the embodiment in Fig. 16. 

Fig. 20 is an explanatory diagram for explaining an MPEG coding system. 

Fig. 21 is an explanatory diagram showing the order of image data by the encoding process, 
arrangement on the medium and decoding process in the MPEG encoding system. 

Fig. 22 is a circuit diagram showing a predictive coder and decoder. 
30 Fig. 23 is a waveform diagram for explaining the predictive coding of a television signal. 

Fig. 24 is a tracing pattern diagram showing by a track pattern coordinate method the recording tracks 
in the case that the MPEG coding system is applied to a DAT or VTR. 

Fig. 25 is a block diagram showing a conventional high efficiency coding recording and reproducing 
apparatus. 

35 Fig. 26 is a block diagram showing a concrete formation of a bit rate reducing circuit in Fig. 25. 

Fig. 27 is an explanatory diagram showing a data recording format in Fig. 25. 

Fig. 28 is a block diagram for explaining a conventional example. 

Fig. 29 is an explanatory diagram for explaining a DCT conversion coefficient. ?- 

Fig. 30 is a block diagram showing a conventional high efficiency coding recording and reproducing 
40 apparatus. 

Fig. 31 is an explanatory diagram for explaining a macro-block. 

Fig. 32 is an explanatory diagram for explaining the data format of the conventional example in Fig. 30. 
Fig. 33 is an explanatory diagram for explaining the data format of the conventional example in Fig. 30. 
Fig. 34 is an explanatory diagram for explaining the data format of the conventional example in Fig. 30. 
45 Fig. 35 is an explanatory diagram for explaining the data format of the conventional example in Fig. 30. 
Fig. 36 is an explanatory diagram for explaining error correcting codes. 

Fig.. 37 is an explanatory diagram for explaining error correcting codes. Detailed Description of the 
Preferred Embodiments: 

Fig. 1 is a block diagram showing one embodiment of the high efficiency -coding recording and 
so reproducing apparatus according to the present invention. In this embodiment, the present invention is 
applied to a video tape recorder. 

An interlaced video signal is input into the format circuit 61 which has a memory, makes the input 
signal a frame, makes 8x8 pixels one block and outputs data in a block unit. These data are given to the 
intra-picture coding circuit 64, forward predictively coding circuit 65 and bidirectionally predictively coding 
55 circuit 66 through the demultiplexer (mentioned as the DeMUX hereinafter) 63 in the recorded code 
arranging circuit 62 enclosed with the broken lines. These coding circuits 64, 65 and 66 make respectively 
the intra-picture coding process I, forward predictively coding process P and bidirectionally predictively 
coding process B and output the coded data through the MUX 67. The coding controlling circuit 68 controls 
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these DeMUX 63 and MUX 67 on the basis of the signal from the format circuit 61 . 

The high efficiency coded data from the MUX 67 are given to the parity adding circuit 70 through the 
buffer 69. The parity adding circuit 70 adds an error correcting parity to the input data and outputs them to 
the adder 72. On the other hand, the sub-code making circuit 74 makes sub-codes for various data and 

5 outputs them to the adder. In this embodiment, in case it is shown by the output of the coding controlling 
circuit 68 that the output of the intra-picture coding circuit 64 is output, an I process flag showing that it is — 

. —an intra-picture coding process I will be generated in the flag part of the subcode included in the recording — 

track in which this intra-picture coded picture I is recorded. By the way, even in case the corresponding 
Recording track precedes in the time, there will be a processing time delay in the parity adding circuit 70 

70 and therefore the I process flat will be able to be described. The synchronous ID making circuit 71 outputs 
to the adder 73 the synchronous signal for taking the block synchronization and the ID number showing the 
block number or the like. The adder 73 adds the output of the sub-code making circuit 74 and the output of 
the synchronous ID making circuit 71 and gives them to the adder 72. The adder 72 adds the output of the 
adder 73 and the output of the parity adding circuit 70 and outputs them to the record modulating circuit 75. 

75 The record modulating circuit 75 converts the input bit stream to be of a type adapted to the record of 
the recording medium and gives it to the video head 78 within the drum assembly 77 through the record 
amplifier 76. The video head 78 records in the magnetic tape 79 the signal from the record amplifier 76, 
reproduces the recorded signal and gives it to the reproducing and equalizing circuit 81 through the 
reproduction amplifier 80. 

20 The reproducing and equalizing circuit 81 removes the waveform interference (inter-code interference) 
from the input data and outputs the data to the record demodulating circuit. The record demodulating circuit 
82 demodulates the data modulated at the time of recording, returns them to the original data row and 
outputs them to the synchronous TBC circuit 83. The synchronous TBC circuit 83 corrects the time axis of 
the input data and gives the data to the error correcting circuit 85 within the reproduced code restoring 

25 circuit 84. 

The error correcting circuit 85 corrects the error generated on the magnetic tape 79 and gives the data 
to the buffer 86. The output of the buffer 86 is given to the intra-picture decoding circuit 88, forward 
predictively decoding circuit 89 and bidirectionally predictively decoding circuit 90 through the DeMUX 87. 
These decoding circuits 88, 89 and 90 decode respectively the intra-picture coded data, forward predic- 

30 tively coded data and bidirectionally predictively coded data and outputs the decoded data to the output 
type converting circuit 92 through the MUX 91 . The output of the buffer 86 is given also to the coding 
controlling circuit 93 which judges the kind of the coding process from the input data row and controls the 
DeMUX 87 and MUX 91 on the basis of the judged result. 

On the other hand, the output of the synchronous TBC circuit 83 is given also to the sub-code decoder 

35 94 which detects the I process flag from the input data and gives the detected signal to the speed 
designating circuit 96. Also, the output from the coding controlling circuit 93 is given also to the 
effectiveness judging circuit 95 which judges whether there is an error of the reproduced data or not and 
gives the judged signal to the speed designating circuit 96. In the speed designating circuit 96, the speed 
multiplying number based on the user operation is designated and, on the basis of these speed multiplying 

40 number data, the detected signal from the sub-code decoder 94 and the judged signal from the 
effectiveness judging circuit 95, the speed designating signal for controlling the running speed of the 
magnetic tape 79 is output to the tape speed controlling system 97 and the drum speed and phase 
controlling system 98. 

The tape speed controlling system 97 outputs to the adder 101 the signal designating the tape running 
45 speed on the basis of the FG (frequency) signal fed back from the capstan motor (not illustrated) rotating 
and driving the capstan 100. Also, the reproduced signal from the head 78 is given to the tracking 
controlling system 99 which outputs to the adder 101 the output for obtaining the optimum tracking position. 
The adder 101 adds the outputs of the tape speed controlling system 97 and tracking controlling system 99 
and outputs the controlling signal to the capstan motor so that the rotating speed of the capstan 100 may 
so be controlled and the transmitting speed of the magnetic tape 79 transmitted as held between the capstan 
100 and pinch roller 102 may be regulated. 

On the other hand, the speed designating circuit 96 gives the timer 103 the output based on the speed 
multiplying number. The timer 103 operates at the set period based on the speed multiplying number data 
and controls the reading out of the output type converting circuit 92 in each set period so that the output 
55 type converting circuit 92 may output the videodata from the MUX 91 at each predetermined time based on 
the speed multiplying number data. 

The operation of the thus formed high efficiency coding recording and reproducing apparatus shall be 
explained in the following with reference to Figs. 2 and 3. Fig. 2 is a tracing pattern diagram showing by a 
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track pattern coordinate method the recording tracks in this embodiment. In the diagram, the hatched parts 
represent recording positions of intra-picture coded pictures I. 

The input interlaced video signal is made a frame by the format circuit 61 and is output to the DeMUX 
63 in a block unit of 8 x 8 pixels. The data from the DeMUX 63 are given to the coding circuits 64, 65 and 

5 66 and are subjected respectively to the intra-picture coding process I, forward predictive ly coding process 
P or bidirectionally predictively coding process B. The coding controlling circuit 68 controls the DeMUX 63, 
gives picture data to coding circuits 64, 65 and 66, controls the MUX 67 and outputs the.coded data by the 
time division to make the MPEG coding. The variable length bit stream from the MUX 67 is output to the 
parity adding circuit 70 through the buffer 69 and an error correcting parity is added to it. A synchronous 

io signal, ID signal and sub-code are also added to the bit stream by the adders 72 and 73.. 

In this embodiment, an I process flag showing that an intra-picture coding is being processed by the 
sub-code making circuit 74 is generated and is described in the flag part of the sub-code included in the 
recording track in which the intra-picture coded data in the bit stream are recorded. Thus, in the bit stream 
from the adder 72, for example, as shown in Fig. 3, at the top, the synchronous signal is arranged, then, the 

rs ID number and sub-code are arranged and the I process flag is written into this sub-code. In the example in 
Fig. 3, the set of the coded data and parity is repeatedly arranged next the sub-code. The bit stream from 
the recorded code arranging circuit 62 is given to the record modulating circuit 75 and is converted to be of 
a type adapted to be recorded in the medium, is given to the video head 78 through the; record amplifier 76 
and is magnetically recorded in the magnetic tape 79. 

20 At the time of the reproduction, the reproducing signal from the video head 78 will be input into the 
reproducing and equalizing circuit 81 which will equalize the input data and will remove the waveform 
interference. The data from the reproducing and equalizing circuit 81 are returned to the same data row as 
of the bit stream from the recorded code arranging circuit 62 by the record demodulating circuit 82 and 
synchronous TBC circuit 83 and are given to the reproduced code restoring circuit 84. 

25 The sub-code decoder 94 detects the I process flag from the output of the synchronous TBC circuit 83 
and outputs the detecting signal to the speed designating circuit 96 in which is also input the judging signal 
showing whether there is an error or not from the effectiveness judging circuit 95. The speed designating 
circuit 96 controls the conveying speed of the magnetic tape 79 and the speed and phase of the drum on 
the basis of the speed multiplying number data and detected signal by the user operation. 

30 Now, as shown by the hatched parts in Fig. 2, the intra-picture coded data are assumed to be recorded 

in the tracks Nos. 1, 4, 7, 11, 12 After the track No.1 is traced, when, by the detecting signal of the 

sub-code decoder 94, the reproduction end of the intra-picture coded data in the track No.1 is caught from 
the reproduced data or the reproduction end of the intra-picture coded data in the track No.2 is caught, the 
speed designating circuit 96 will predict the periodicity of the intra-picture coded data and will designate a 

35 speed multiplying number or will designate a predetermined speed multiplying number to control the 
running of the magnetic tape 79 and, as shown in the trace A indicated by the arrow, by the speed 
multiplying reproduction, the video head 78 will be moved to the track No.4. Then, the track No.4 is traced 
to reproduce the intra-picture coded data. When the reproduction of the track No.4 ends, the speed 
designating circuit 96 will designate the speed multiplying reproduction again by the detecting signal of the 

40 sub-code decoder 94. When the sub-code decoder 94 detects the I process flag at the top of the track 
No.7, the ordinary reproduction will be returned and the track No.7 will be reproduced. Thus, the traces A 
and B shown by the arrows are made. 

By the way, as shown by the track No.7 of the trace B, when it is shown by the detecting signal from 
the sub-code detector 94 that the reproduction of the intra-picture coded data has ended, the speed 

45 designating circuit 96 may move the speed multiplying reproduction to the track No.11 from the midway of 
the track. Further, as shown by the trace C of the arrows in the diagram, the speed designating circuit 96 
may run the magnetic tape 79 in the reverse direction so that the sub-code decoder 94 may detect the I 
process flag. 

Thus, by properly repeating the ordinary reproduction and quick feeding reproduction, the speed 
so designating circuit 96 reproduces positively at least the intra-picture coded data. The reproduced signal is 
given to the reproduced code restoring circuit 84 through the reproducing and equalizing circuit 81 , record 
demodulating circuit 82 and synchronous TBC circuit 83. has the errors at the time of the recording and 
reproduction corrected by the error correcting circuit 85 of the reproduced code restoring circuit 84 and is 
given to the DeMUX 87 and coding controlling circuit 93 through the buffer 86. The coding controlling 
55 circuit 93 judges the kind of the coding process of the data row input into the DeMUX 87 and controls the 
DeMUX 87. The output of the DeMUX 87 is given to the decoding circuits 88, 89 and 90, is decoded and is 
given to the output type converting circuit 92 through the MUX 91 . 

As described above, the speed designating circuit 96 properly repeats the ordinary reproduction and 
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quick feeding reproduction . and therefore the time axis of the reproduced data is not always constant. 
Therefore, the speed designating circuit 96 gives the data of the speed multiplying number to the timer 103 
and controls the set period. The signal of a predetermined period corresponding to the speed multiplying 
number is given to the output type converting circuit 92 from the timer 103 so that the output type 

5 converting circuit 92 may output the data at fixed intervals corresponding to the designated speed 
multiplying number and a reproduced picture favorable to the sight may be obtained. 

Thus, in this embodiment, by the sub-code making circuit 74, the I process flag showing the intra- 
picture coded data is described and recorded within the sub-code and, at the time of the reproduction, this I 
process flag will be detected so that the speed designating circuit 96 may regulate the reproducing speed 

10 and may positively reproduce at least only the intra-picture coded data. These intra-picture coded data can 
be decoded with only the data of one frame and, even if such special reproduction as the speed multiplying 
reproduction is made, the reproduced data will be able to be decoded. Further, by the signal from the timer 
103, the output type converting circuit 92 outputs the decoded data at a fixed period in response to the 
designated speed multiplying number and a special reproduced picture natural to the sight can be obtained. 

15 Fig. 4 is a block diagram showing another embodiment of the high efficiency coding recording and 
reproducing apparatus according to the present invention. In this embodiment, only the intra-picture coding 
is adopted. 

The luminance signal Y input through the input terminal 110 is given to the buffer memory 111 which 
outputs to the DCT circuit 112 the data in a block unit of 8 x 8 pixels. The DCT circuit 112 makes a two- 

20 dimensional process of 8 x 8 and outputs conversion coefficients to the scan converting and quantizing 
circuit 113 which successively zigzag scans the conversion coefficients, successively arranges them from 
the low region component and reduces the bit rate by the quantization. 

On the other hand, color difference signals Cb and Cr are input respectively into the input terminals 114 
and 115 and are given to the buffer memory 116 which successively time-divides and multiplexes the color 

25 difference signals Cb, Cr, Cb in a block unit of 8 x 8 pixels and outputs them. The output of the buffer 

memory 116 is given to the scan conversion quantizing circuit 118 through the DCT circuit 117. The 
formations of the DCT circuit 117 and scan conversion quantizing circuit 118 are respectively the same as 
the formations of the DCT 112 and scan conversion quantizing circuit 113. 

The output of the scan conversion quantizing circuit 113 is given to the low region component coding 

30 circuit 119 and high region component coding circuit 120. The low region component coding circuit 119 
codes the low region component of the conversion coefficient of the luminance signal Y. The high region 
component coding circuit 120 codes the high region component of the conversion coefficient of the 
luminance signal Y. The low region component coding circuit 121 codes the low region components of the 
color difference signals Cb and Cr from the scan converting and quantizing circuit 118. The high region 

35 component coding circuit 122 codes the high region components of the color difference signals Cb and Cr 
from the scan converting and quantizing circuit 118. 

In this embodiment, the outputs of the low region component coding circuits 119 and 121 are given to 
the MUX 123. The outputs of the high region component coding circuits 120 and 122 are given to the MUX 
124. The high region component coding circuits 120 and 122 output code length data showing data lengths 

40 together with the coding data. The MUX 124 multiplexes the coding data of the luminance signal Y and 
color difference signals Cb and Cr and outputs them to MUX 127 through the buffer memory 126. By the 
way, the same as heretofore, the macro-block address and macro-block pointer are added to the output of 
the buffer memory 1 26. 

On the other hand, the MUX 123 multiplexes the low region components of the luminance signal Y and 
45 color difference signals Cr and Cb and outputs them to the MUX 127 through the buffer memory 125. The 
output of the imaginary data circuit 128 is also given to the MUX 127. The imaginary data circuit 128 
outputs the imaginary data row, for example, of the logic "1" at a timing arranging the synchronous signal 
or ID signal, The MUX 127 arranges the low region component from the buffer memory 125 following, for 
example, this imaginary data row and then properly repeatedly arranges the high region component from 
so the buffer memory 1 26. 

The output of the MUX 127 is given to the parity adding circuit 134 which adds the parity in a 
predetermined position in the data row and outputs it to the adder 135. Also the synchronous pattern 
making circuit 136 makes a synchronous pattern and outputs it to the adder 138. The ID making circuit 137 
makes an ID number and outputs it to the adder 138. The adder 138 adds two inputs and gives them to the 
55 adder 135. Thereby, the adder 135 adds the synchronous signal and ID number from the adder 138 instead 
of the imaginary data row arranged at the top of the data from the parity adding circuit 134. That is to say, 
when the imaginary data are substituted for the synchronous signal and ID number, the synchronous signal 
and ID number will be arranged at the top of each synchronous block and then the low region component of 
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the macro-block will be arranged. The output of the adder 135 is given to the record modulating circuit 139 
which makes the modulation in response to the recording medium and outputs it to a record amplifier not 
illustrated. By the way, for the convenience of the explanation, in Fig. 4, the fixed length making means for 
fixing the data is not illustrated. 

5 The data format obtained by the coding of this embodiment shall be explained in the following with 
reference to the explanatory diagrams in Figs. 5 to 8. 

As shown in Fig. 5(a), at the top of the synchronous block is arranged the synchronous signal. Next the 
synchronous signal is arranged the ID number showing the block number and the like. In the embodiment in 
Fig. 4, the imaginary data row is once arranged in the part of these synchronous signal and ID number and 

w next the imaginary data row is arranged the low region component. The imaginary data row is substituted 
for the synchronous signal and the ID number showing the nth macro-block. As shown in Fig. 5(a), next the 
ID number are arranged the coded data of the low region component of the nth macro-block. Next are 
arranged the macro-block address MBA and macro-block pointer MBP and then are arranged the coded 
data of the high region component. The address and starting point of the macro-block to which belong the 

75 coded data of this high region component are shown by the macro-block address MBA and macro-block 
pointer MBP. Next the coded data of the high region component is added the error correcting parity P. 

As shown in Fig. 5(b), the coded data of the high region component are formed of the high region 
components of a plurality of macro-blocks. For example, in Fig. 5(b), at the top are arranged the high region 
component data of the (K-1)th macro-block from the midway, next are arranged the high region components 

20 of the (K-1)th to (K + i-1)th macro-blocks and at last are arranged the data of the high region component of 
the (K + i)th macro-block until the midway. 

As these high region component data are variable length data, with only the ID number, the macro- 
block data can not be specified. For example, even if a predetermined ID number is added, the macro-block 
address showing the kth block, (k-1)th block or (k + i)th block will be described. On the other hand, on the 

25 low region component, the data of a predetermined number (one in Fig. 5(a)) of macro-blocks are arranged 
for each ID number. That is to say, in Fig. 5(a), the low region component of one macro-block is allotted to 
each synchronous block so that the micro-block to which belongs the low region component may be 
specified by the ID number. If the low region component of a fixed number of macro-blocks is arranged 
following each ID number, the relation between the ID number and the number of the macro-blocks to which 

30 belongs the lower region component will be fixed. In order to record on the magnetic tape such format data, 
it is necessary to satisfy the condition of the below mentioned formula (2): 

a1 x (Ntx Nsync) £ b1 x Nmacro (2) 

35 (wherein each of a1 and b1 represents a positive integer equal to or larger than 1). 

Here, Nmacro represents the total number of macro-blocks within one frame (or one field), Nt represents 
the number of recording tracks corresponding to the frame (or field) data and Nsync represents the number 
of blocks within one track. 

Now, if Nt = 4 tracks and Nmacro = 2928, the formula (2) will become the below mentioned formula 

40 (3): 

a1 x Nsync* b1 x 732 (3). 

As one solution of this formula (3), al = 1 . Nsync = 732 and bl = 1 are considered. This means that 
45 the low region component of one macro-block may be recorded in one synchronous block. In such case, 
the ID number N (0 and macro-block will correspond to each other at 1:1 and 

Nio = 1 — First macro-block, 

50 

N ID a 2 — Second macro-block, 



55 

N, o = i -* ith macro-block 
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will be made. That is to say, even in case the macro-block address MBA is not decoded, the macro-block 
will be able to be specified by the ID number N lD . 

Fig. 6 is an explanatory diagram showing a modification of the format in Rg. 5. 

In this example, a micro-block is formed of two blocks YO and Y1 of the luminance signal and each 
s block of the color difference signals Cb and Cr. In Fig. 6(a), the ID number N tD is n and the low region 
components of the nth macro-block and the low region components of the (n + 1)th macro-block are 
arranged in the order of YOn, Y1 n + 1 , Cbn and Crn + 1 . In Fig. 6(b), the ID number N (D is (n + 1) and the low 
region components of the (n + 1)th macro-block and the low region components of the nth macro-block are 
arranged in the order of YOn + 1, Y1n, Cbn + 1 and Crn. Thus, even in case an error is generated in the data 
w of any ID number, the interpolation will be easy and the quality deterioration in the case of the repairing 
operation will be reduced. 

Fig. 7 shows data formats in case a1 = 3, b1 = 2 and Nsync = 488 are set for the solution of the formulae 
(2) and (3) in Fig. 5. 

As 1.5 micro-blocks are arranged in one synchronous block, in case the ID number N ID is an odd 
75 number, as shown in Fig. 7(a), the data of half the low region components of the next macro-block will be 
arranged in the rear half of the region in which are arranged the low region components of the macro-block. 
In the same manner, in case the ID number N !D is an even number, as shown in Fig. 7(b), the data of half 
the low region components of the macro-block will be arranged in the front half. That is to say, 

20 

N ( o = 1 — First macro-block + front half of 

second macro-block, 
25 N| D = 2 — Rear half of second macro-block + 

third macro-block. 



30 

2i-l — (3i-2)th macro-block + front half 

of (3i-l)th macro-block and 
2i — Rear half of (3i-l)th macro-block + 
3ith macro-block 

40 will be made. Even in this case, the macro-block to which the arranged low region components belong will 
be able to be discriminated from the ID number even when the macro-block address is not decoded. By the 
way, the same as heretofore, it is needless to say that the high region component can be discriminated only 
by the macro-block address MBA. 

Rg. 8 is an explanatory diagram showing another format of the data obtained in this embodiment. In 

45 Fig. 8(a), following the synchronous signal and ID number of one synchronous block, the low region 
components are arranged in one place and then the error correcting parity P is added. In Fig. 8(b), the low 
region components are arranged in a correcting series unit. In Fig. 8(c), the parity P is added by changing 
the formation of the data in the front half and rear half. 

Figs. 9 and 10 are explanatory diagrams showing magnetic tape recording patterns. As shown in Rg. 9, 

50 tracks 130 are formed in the magnetic tape 129. The synchronous signals 131 of the synchronous block are 
successively recorded at the same intervals in the respective tracks 130. Following the ID number of the 
synchronous block, the low region components are recorded. As shown in Rg. 10, the low region 
components are arranged at fixed intervals on the tracks of the magnetic tape. 

The operation of the thus formed embodiment shall be explained in the following. 

55 The luminance signal Y and color difference signals Cb and Cr input respectively through the input 
terminals 110, 114 and 115 are converted to block data of 8 x 8 respectively by the buffer memories 111 
and 116 and are DCT-processed by the DCT circuits 112 and 117. The conversion coefficients from the 
DCT circuits 112 and 117 are zigzag scanned and quantized respectively by the scan converting and 
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quantizing circuits 113 and 118. The outputs of the scan converting and quantizing circuits 113 and 118 are 
coded as separated in the low region and high region respectively by the low region component coding 
circuits 119 and 121 and high region component coding circuits 120 and 122. 

The low region components from the low region component coding circuits 119 and 121 are 

5 multiplexed by the MUX 123 and are given as the low region components of the macro-block to the MUX 
127 through the buffer memory 125. On the other hand, the high region components from the high region 
component coding circuits 120 and 122 are multiplexed by the MUX 124 and are given as the high region 
components of the macro-block to the MUX 127 through the buffer memory 126. The MUX 127 is fed with 
imaginary data at the timing corresponding to the synchronous signal and ID number part from the 

w imaginary data circuit 128 and arranges and outputs the low region components of the macro-block 
following these imaginary data. The parity adding circuit 134 adds the parity to the data row from the MUX 
127. The adder 135 substitutes the synchronous signal and ID number for the imaginary data and outputs 
them so that the data of the format shown in Figs. 5 to 8 may be given to the record modulating circuit 139 
which gives the data to a record amplifier not illustrated and makes, for example, a magnetic tape record 

75 the data. 

An embodiment on the coded data decoding side is shown in Fig. 1 1 in the following. 
The reproduced output of the coded data from a magnetic tape or the like is input into the reproducing 
and equalizing circuit 141 which equalizes the reproduced output and gives it to the record demodulating 
circuit 142. The record demodulating circuit 142 demodulates the modulated signal at the time of recording 

20 in response to the recording medium and gives the demodulated signal to the synchronous circuit 143 
which extracts the synchronous signal and outputs it to the ID circuit 144 and TBC circuit 145. The ID 
circuit 144 extracts the ID number arranged just after the synchronous signal. The TBC circuit 145 corrects 
the time axis of the reproduced output by utilizing the ID number from the ID circuit 1 44 and outputs it to 
the error correcting circuit 146 which corrects the errors generated at the time of recording and reproducing 

25 and gives them to the DeMUX. 

The DeMUX 147 divides the time-divisionally multiplexed data row into the low region component and 
high region component of the luminance signal Y and the low region components and. high region 
components of the color difference signals Cr and Cb and gives them respectively to the low region 
decoder 150 and high region decoder 151 of the luminance signal processing system 148d and the low 

30 region decoder and high region decoder not illustrated of the color difference signal processing system 149. 
The high region decoder 151 decodes the data of the high region component of the luminance signal and 
gives them to the high region buffer 155 through the address making circuit 154 which makes address 
information from the macro-block address MBA and macro-block printer MBP included in the output of the 
high region decoder 1 51 . 

35 On the other hand, the conversion table 152 compares the ID number and macro-block address with 
each other by the output of the ID circuit 144 and outputs to the low region decoder 150 and low region 
buffer 153 the data showing the block number and macro-block address to which belongs the low region 
component input into the low region decoder 150. The low region decoder 150 decodes the low region 
component of the luminance signal by utilizing the output of the conversion table 152 and makes the low 

40 region buffer 153 memorize it. 

The outputs of the low region buffer 153 and high region buffer 155 are successively given to the 
reverse quantizing circuit 156, reverse zigzag scanning circuit 157 and reverse DCT circuit 158. These 
circuits 156, 157 and 158 are processed reversely respectively to the processes of the scan converting and 
quantizing circuit 113 and DCT circuit 112 at the time of recording. The output of the reverse DCT circuit 

45 158 is given to the field data making circuit 159 which converts the framed data to an interlaced signal and 
outputs it. 

On the other hand, the formation of the color difference signal processing system 149 is the same as of 
the luminance signal processing system 148 except that the color difference signals Cb and Cr are 
multiplexed and therefore shall not be illustrated here. The output of the color difference signal processing 
so system 149 is given to the DeMUX 160 which separates the color difference signals Cb and Cr and outputs 
them. 

The operation of the thus formed embodiment shall be explained in the following with reference to Figs. 
12 and 13 which are trace pattern diagrams wherein the time variation when one scanning time is made t is 
taken on the abscissa and the length in the tape lengthwise direction corresponding to one track pitch or 
55 one track is taken on the ordinate (a track pattern coordinate method) to explain the speed multiplying 
reproducing operation. Fig. 12 shows 3-time speed and 9-time speed reproductions. Fig. 13 shows -3-time 
speed and -9-time speed reproductions. The track width = track pitch of the video head is set. The track 
numberis represented by a digit beginning with 1 . The oddnumber represents a + azimuth track and the 
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even number represents a -azimuth track. Only when the azimuth of the recording track and the azimuth of 
the reproducing head coincide with each other, the data will be reproduced. The reproduced parts are 
shown by the hatches. 

The reproduced output from the video head is given to the synchronous circuit 143 through the 

5 reproduction equalizing circuit 141 and record demodulating circuit 142 and is further processed by the 
TBC circuit 145 and error correcting circuit 146 to be returned to the coded data before the recording which 
are given to the DeMUX 147. On the other hand, the output of the synchronous circuit 143 is given also to 
the ID circuit 144. The synchronous signal and ID number are extracted by these circuits. 

The DeMUX 147 separates the time-divisionally multiplexed coded data into the luminance signal Y and 

70 color difference signals Cb and Cr, separates them respectively into the low region component and high 
region component and outputs them. The high region component is decoded by the high region decoder 
11. The macro-block address MBA and macro-block pointer MBP are extracted by the address making 
circuit 154 and are stored in the high region buffer 155. On the other hand, the low region component is 
decoded by the low region decoder 150. In this case, the low region component is compared with the 

75 macro-block number by the conversion table 152. 

Now, as shown in the trace T3 in Fig. 12, the 3-time reproduction is assumed to be designated. At the 
time of the speed multipling reproduction, the video head will be traced obliquely. Therefore, as shown by 
the hatched parts of the trace T3, the recorded coded data can be reproduced only intermittently. Here, the 
coded data for one field are assumed to be recorded in four tracks of the magnetic tape. That is to say, the 

20 1/4 data in the direction vertical to the picture are assumed to be recorded in each track. 

As shown in the trace T3, first the data in the front half of the first track are reproduced by the magnetic 
head, then the data in the rear half of the third track are reproduced and then, by the running of the 
magnetic tape, the data in the front half of the last track (fourth track) of the first field are reproduced. Here, 
if the reproduced data in the front half of each track are made data A and the reproduced data in the rear 

25 half are made B, the data A and B will be alternately reproduced. 

That is to say, as shown in the trace T3, the next reproduced data are the data B in the rear half of the 
sixth track of the second field and then the data A in the front half of the seventh track are reproduced. 
Thereafter, in the same manner, the data B in the rear half of the adjacent track and the data A in the front 
half are continuously reproduced. The reproduced state of these data is shown in the below mentioned 

30 Table 1 in which the number of the track is represented by No. 
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Table 1 



5 




First 1/4 


Second 1/4 


Third 1/4 


Fourth 1/4 






division 


division 


division 


division 


70 


First 


No, 1 


No. 2 


No. 3 


No. 4 


75 


Field 


A 




B 


A 




Second 


No. 5 


No. 6 


No. 7 


No. 8 


20 


Field 




B 


A 




25 


Third 


No. 9 


No. 10 


No. 11 


No. 12 




Field 


B 


A 




B 


30 












Fourth 


No. 13 


No. 14 


No. 15 


No. 16 


35 


Field 


A 


• 


B 


A 




Fifth 


No. 17 


No. 18 


No. 19 


No. 20 


40 














Field 




B 


A 




45 


Sixth 


No. 21 


No. 22 


No. 23 


No. 24 


50 


Field 


B 


A 




B 



As shown in this Table 1, the data corresponding to the part of 1/4 the top of the picture are reproduced 
55 by the first track of the first field and the ninth track of the third field. Also, in the same manner, the data 
corresponding to the part of 1/4 second from the top of the picture are reproduced by the sixth and tenth 
tracks, the data corresponding to the part of 1/4 third from the top of the picture are reproduced by the third 
and seventh tracks and the data corresponding to the part of 1/4 lowermost in the picture are reproduced 
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by the fourth and 12th tracks. That is to say, if it is utilized that the picture data are correlative, the picture 
of one field will be able to be reproduced by reproducing the data of the first to twelfth tracks of the first to 
third fields. 

The conversion table 152 in Fig. 11 judges on the basis of the output of the ID circuit 144 the macro- 
5 block to which belong the reproduced coded data and controls the low region decoder 150 and low region 
buffer 153. That is to say, the low region component can be decoded in response to the position of the 
picture and the picture can be positively reproduced from the reproduced data. 

The outputs of the low region buffer 153 and high region buffer 155 are returned to the data of the 
macro-block by the reverse quantizing circuit 156, reverse zigzag scanning circuit 157 and reverse DCT 
jo circuit 158, are further converted to interlaced signals by the field data making circuit 159 and are output. 
By the way, the color difference components Cb and Cr are converted to interlaced signals, are then 
divided by the DeMUX 160 and are output. 

The below mentioned Table 2 shows the reproduced state of the data in case the decoded data of one 
field are recorded in eight tracks of the magnetic tape. 

15 

Table 2 



20 




First 1/8 


Second 1/8 


Third 1/8 


Fourth 1/8 






division 


division 


division 


division 


25 


First 


No, 1 


No. 2 


No. 3 


No. 4 


30 


Field 


A 




B 


A 




Second 


No. 9 


No. 10 


No. 11 


No. 12 


35 














Field 


B 


A 




B 


40 














Third 


No. 17 


No. 18 


No. 19 


No. 20 


45 


Field 




B 


A 





(To be continued on the next page) 
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55 
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Table 2 (Continued to be added to the right) 



5 




Fifth 1/8 
division 


Sixth 1/8 
division 


7th 1/8 
division 


8th 1/8 
division 


10 


First 


No. 5 


No. 6 


No . 7 


No. 8 


75 


Field 




B 


A 




20 


Second 


No. 13 


NO. 14 


No. 15 


No. 16 


25 


Field 


A 




B 


A 




Third 


No. 21 


No. 22 


No. 23 


No. 24 


30 


Field 


B 


A 




B 



35 

Even in this case, as shown by the trace T3. when the first, fourth, seventh, tenth, ,„ tracks are traced, 
the data A in the front half will be reproduced and, when the third, sixth, ninth, twelfth, ... tracks are traced! 
the data B in the rear half will be reproduced. That is to say, as shown in Table 2, when the data of the first 
to third fields are reproduced, the reproduced data of the part of each 1/8 of the picture will be obtained. 

40 That is to say, by reproducing the data of the first to 24th tracks, one picture can be displayed. 

Then, as shown by the trace T9 in Fig. 12, the 9-time speed reproduction is made. The below 
mentioned Table 3 shows the reproduced state of the data in case the coded data of one field are recorded 
in four tracks of the magnetic tape. In this case, the data of one track are reproduced as divided into eight 
parts and therefore, in the table, the numbers of 1 to 8 are attached to the reproduced data in the 

45 reproduced order. 
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Table 3 



5 




First 1/4 


Second 1/4 


Third 1/4 


Fourth 1/4 






division 


division 


division 


QlVXSlUH 


70 


First 


No, 1 


No. 2 


No. 3 


No. 4 




Field 


1 




2, 3 




75 














Second 


No. 5 


No. 6 


No. 7 


No. 8 


20 


Field 


5 4 




6, 7 




25 


Third 


No. 9 


No. 10 


NO. 11 


No. 12 




Field 


8 


1 




2, 3 


30 


Fourth 


No. 13 


No. 14 


no . id 




35 


Field 




5 4 




6, 7 




Fifth 


No. 17 


No. 18 


No. 19 


No. 20 


40 














Field 




8 


1 




45 


Sixth 


No. 21 


No. 22 


No. 23 


No. 24 


50 


Field 


2, 3 




5 4 





As shown in this Table 3, when the first track and third track of the first field are reproduced, the data 1 
55 and data 2 and 3 will be reproduced. In the same manner, when the fifth track and seventh track of the 
second field are reproduced, the data 4 and 5 and data 6 and 7 will be reproduced. When the ninth track, 
tenth track and twelfth track of the third field are reproduced, the data 8, data 1 and data 2 and 3 will be 
reproduced. Hereinafter, in the same manner, when the tracks are reproduced until the ninth field, in all the 
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parts of 1/4, the data 1 to 8 will be reproduced. Thus, when the first to 36th tracks are reproduced, the 
picture of one field will be able to be reproduced. 

The below mentioned Table 4 shows the reproduced state of the data in case the coded data of one 
field are recorded in eight tracks of the magnetic tape. 

Table 4 





First 1/8 
division 


Second 1/8 
division 


Third 1/8 
division 


Fourth 1/8 
division 


First 


No, 1 


No. 2 


No. 3 


No. 4 


Field 


1 




2. 3 




Second 


No. 9 


No. 10 


No. 11 


No. 12 


Field 


8 


1 




2, 3 


Third 


No. 17 


No. 18 


No. 19 


No. 20 


Field 




8 


1 





(To be continued on the next page) 
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Table 4 (Continued to be added to the right) 



5 




Fifth 1/8 


Sixth 1/8 


7th 1/8 


8th 1/8 






division 


division 


division 


division 


10 














First 


No. 5 


No. 6 


No. 7 


No. 8 


IS . 


Field 


5 4 




6, 7 




20 


Second 


No. 13 


No. 14 


No. 15 


No. 16 


25 


Field 




5 4 




6. 7 




Third 


No. 21 


No. 22 


No. 23 


No. 24 


30 


Field 


2, 3 




5 4 





35 

Even in this case, when the nine tracks are traced, the data 1 to 8 will be reproduced, the same as in 
the case of the Table 3. Thus, even in the case of the Table 4, when the tracks in the nine fields are 
reproduced, all the parts of 1/8 will be reproduced. That is to say, when the first to 72nd tracks are 
reproduced and the low region components are arranged in response to the ID numbers, the picture of one 

40 field will be able to be reproduced. 

Next, the -3-time speed reproduction (reverse direction high speed reproduction) shown in the trace T-3 
in Fig. 13 is made. The below mentioned Table 5 shows the reproduced state of the data in case the coded 
data of one field are recorded in four tracks of the magnetic tape. By the way, in this case, one track is 
reproduced as divided into four parts and, in the table, the numbers 1 to 4 are attached in the reproduced 

45 order. 
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Table 5 



5 




First 1/4 


Second 1/4 


Third 1/4 


Fourth 1/4 






division 


division 


division 


division 


10 


nth 


No. 21 


No. 20 


No. 19 


No. 18 


15 


Field 


1 




2, 3 


1 




(n-l)th 


No. 17 


No. 16 


No. 15 


No. 14 


20 














Field 


4 


2, 3 


1 


4 


25 


(n-2)th 


No. 13 


No. 12 


No. 11 


No. 10 




Field 


2, 3 


1 


4 


2. 3 


30 














(n-3)th 


No. 9 


No. 8 


No. 7 


No. 6 


35 


Field 


1 


4 


2, 3 


1 




(n-4)th 


No* 5 


No. 4 


No. 3 


No. 2 


40 














Field 


4 


2, 3 


1 


4 


45 














(n-5)th 


No. 1 


NO. 0 


No. -1 


No. -2 


50 


Field 


2, 3 


1 


4 


2, 3 



As shown in the trace T-3 in Fig. 13, first, the 21st track of the nth field is traced and the data 1 are 
55 reproduced. Then, the data 2 and 3 of the 19th track and the data i of the 18th track are reproduced 
successively. In the next (n-1)th field, the data 4 of the 17th track, data 2 and 3 of the 16th track, data 1 of 
the 15th track and data 4 of the 14th track are successively reproduced. Thereafter, the reproduction is 
made in the same manner. As shown in the above mentioned Table 5, when the three fields of the (n-1)th 
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field to (n-3)th field are reproduced, the reproduced data 1 , 2, 3 and 4 will be obtained in the respective 
parts of 1/4 on the picture. Thus, even in the case of the -3-time speed reproduction, when the low region 
components are coded, the picture will be able to be reproduced. 

The below mentioned Table 6 shows the reproduced state of the data in case the coded data of one 
5 field are recorded in eight tracks of the magnetic tape. 



Table 6 



70 
















First 1/8 


Second 1/8 


Third 1/8 


Fourth 1/8 






division 


division 


division 


division 


75 
















No, 21 


No. 20 


No. 19 


No. 18 


20 


n 


1 




2, 3 


1 


25 




No- 13 


No. 12 


No. 11 


No. 10 




n-1 




















30 




2, 3 


1 


4 


2, 3 






No- 5 


No. 4 


No. 3 


No. 2 


35 


n-2 
























4 


2, 3 


1 


4 



40 

(To be continued on the next page) 
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Table 6 (Continued to be added to the right) 



5 




r: C4-Vi 1 /ft 


Ci vf h 1 /ft 


7th 1/8 


8th 1/8 






division 


division 


division 


division 


70 




No. 17 


No. 16 


No. 15 


No. 14 




n 










75 




4 


2, 3 


1 


4 


20 




No. 9 


No. 8 


No. 7 s 


No. 6 




n-1 














1 


4 


2, 3 


1 


25 
















No. 1 


No. 0 


No. -1 


No. -2 




n-2 










30 




2, 3 


1 


4 


2, 3 



35 As shown in the Table 6, even in this case, the relation between the track number in which the data are 
reproduced and the number of the reproduced data is the same as in the case of Table 5. Therefore, even 
in this case, when the data for three fields, that is, 24 tracks are traced, the picture of one field will be able 
to be reproduced. 

Then, the -9-time speed reproduction (reverse direction high speed reproduction) shown in the trace T- 
40 9 in Fig. 13 is made. The below mentioned Table 7 shows the reproduced state of the data in case the 
coded data for one field are recorded in four tracks of the magnetic tape. By the way, in this case, 3s 
shown in the trace T-9, one track is reproduced as divided into 10 parts and therefore, in the table, numbers 
1 to 10 are attached in the reproduced order. 
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Table 7 



5 




First 1/4 


Second 1/4 


Third 1/4 


Fourth 1/4 






division 


division 


division 


division 


10 


nth 


No. 21 


No, 20 


No. 19 


No. 18 


15 


Field 


1 




2, 3 






(n-l)th 


No. 17 


No. 16 


No. 15 

s 


No. 14 


20 


Field 


4, 5 




6, 7 




25 


(n-2)th 


No. 13 


No. 12 


No. 11 


No. 10 


30 


Field 


8, 9 


1 


10 


2, 3 




(n-3)th 


No. 9 


No. 8 


No. 7 


No. 6 


35 


Field 




4, 5 




6, 7 




(n-4)th 


No, 5 


No. 4 


No. 3 


No. 2 


40 














Field 




8, 9 


1 


10 


45 


(n-5)th 


No. 1 


No. 0 


No. -1 


No. -2 


50 


Field 


2, 3 




4, 5 





As shown in this Table 7, the data 2, 3, 4, 5, 6, 7, 8, 9, 1 and 10 reproduced by the trace of the 19th to 
55 11th tracks are repeatedly reproduced at the intervals of the later 9 tracks. That is to say, when, from the 
second track, further 18 tracks are reproduced, in each part of 1/4 of the picture, the data 1 to 10 will be 
reproduced. That is to say, by reproducing 36 tracks of 9 fields, the picture of one field can be reproduced. 

The below mentioned Table 8 shows the reproduced state of the data in case the coded data for one 
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field are recorded in 8 tracks of the magnetic tape. 



Table 8 





First 1/8 
division 


Second 1/8 
division 


Third 1/8 
division 


Fourth 1/8 
division 


n 


No, 21 


No. 20 


No. 19 


No. 18 


1 




2, 3 


1 


n-1 


No. 13 


No. 12 


No. 11 


No. 10 


8, 9 


1 


10 


2, 3 


n-2 


No. 5 


No. 4 


No. 3 


No. 2 




8, 9 


1 


10 



(To be continued on the next page) 
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Table 8 (Continued to be added to the right) 



5 




C i ^ 4-Vl 1 /fl 


Cjyfh 1 /ft 
OXA til X / %j 


7th 1/8 


8th 1/8 






division 


division 


division 


division 


10 


n 


No. 17 


No. 16 


No. 15 


No. 14 












15 




4, 5 




6, 7 




20 


n-1 


No. 9 


No. 8 


No. 7 


No. 6 






4, 5 




6, 7 


25 


n-2 


No. 1 


No. 0 


No. -1 


No. -2 












30 




2, 3 




4, 5 





35 As shown in the Table 8, even in this case, the relation between the track number in which the data are 
reproduced and the number of the reproduced data is the same as in the case of Table 7. Therefore, even 
in this case, when the data for nine fields, that is, 72 tracks are traced, the picture of one field will be able to 
be reproduced. 

By the way, the speed multiplying number N B a at the time of the high speed reproduction and the 

40 number N t of the tracks required to record the data for one field must be set to have no other greatest 
common divisor than 1 . For example, the data for one field are recorded in six tracks and the 3-time speed 
reproduction is to be made. This is to divide the above mentioned Table 1 by 6. The data to be reproduced 
by the first to sixth tracks of the first field are respectively data A, none, data B, data A, none and data B. 
The reproduced data of the seventh to 12th tracks of the next second field are also the same. That is to 

45 say, the parts not reproduced are always generated and the picture can not be reproduced. Therefore, as 
described above, the greatest common divisor of the number N, of the tracks dividing the data of one field 
and the speed multiplying number N B a must be set to be only 1 . 

Thus, in this embodiment, the low region component of the quantized output is arranged in the 
predetermined position of the synchronous block and is recorded at fixed intervals in each track of the 

so magnetic tape. As the macro-block data are variable length data, in the speed multiplying reproduction or 
the like, the recorded data will be incontinuously reproduced and errors will be generated. However, as the 
recording is made at fixed intervals in each track in the synchronous block, when a plurality of fields are 
reproduced, the coded data of the low region component corresponding to one field will be obtained and 
the macro-block to which belongs the reproduced low region component will be able to be judged. Thereby. 

55 the low region component to be at least the basic picture can be decoded and the picture can be 
reproduced. Thus, when the variable length coding is adopted, the bit rate will be sufficiently reduced and, 
without adding the address to each macro-block, even at the time of the special reproduction, the 
reproduced picture will be able to be displayed. 
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Fig. 14 is a block diagram showing another embodiment on the coding side of the present invention, in 
Fig. 14, the same components as in Fig. 4 shall bear the same reference numerals and shall not be 
explained here. 

This embodiment is different from the embodiment in Fig. 4 in respect that accumulating and adding 
5 circuits 161 and 164, average value calculating circuits 162 and 165 and coding circuits 163 and 166 are 
provided in place of the low region component coding circuits 119 and 121 in Fig. 4. Block data of 8 x 8 
pixels from the respective buffer memories 111 and 116 are given to the accumulating and adding circuits 
161 and 164 which add the data of 8 x 8 pixels. The average value calculating circuits 162 and 165 
respectively determine the average values of the outputs of the accumulating and adding circuits 161 and 
10 164 and output them to the coding circuits 163 and 166 which make a coding process (for example, a 
predictive coding process) different from the high region component on the respective input data and output 
the data to the MUX 123. 

In the thus formed embodiment, the same data as the low region components (direct current 
components) of the conversion coefficients of the respective DCT circuits 1 1 2 and 116 are output from the 
75 average value calculating circuits 162 and 165. The coding circuits 163 and 166, for example, predictively 
code the input low region component data and output them to the MUX 123. The other operations are the 
same as in the embodiment in Fig. 4. Thus, the low region component coding rout can be also separately 
provided. 

Fig. 15 is a block diagram showing a luminance signal processing system of another embodiment on 

20 the decoding side of the present invention. In Fig. 15, the same components as in Rg. 11 shall bear the 
same reference numerals and shall not be explained here. In this embodiment, the coded, data by the 
embodiment in Rg. 14 are decoded. By the way, the formation of the color difference signal processing 
system is the same as of the luminance signal processing system and shall not be illustrated here. 

In this embodiment, a luminance signal processing system 169 is adopted in place of the luminance 

25 signal processing system 148. The low region component of the coded data is given to a decoder 167 
which makes a decoding process reverse to the coding process in Fig. 14 on the output of the conversion 
table 152 and output it to the low region buffer 153. The output of the low region buffer 153 is given to the 
adder 168 which adds the decoded output of the high region component from the reverse zigzag scanning 
circuit 157 and the output of the low region buffer 153 and gives them to the reverse DCT circuit 158. 

30 In the thus formed embodiment, the predictively coded low region component is decoded by the 
decoder 167 and is memorized in the low region buffer 153 which is controlled by the conversion table 152, 
outputs the memorized data at a timing corresponding to the ID number and gives them to the adder 168. 
The adder 168 adds the data of the low region component and high region component and outputs them. 
The other operations are the same as in Fig. 11. 

35 Thus, different coding processes can be also made on the high region component and low region 
component. 

Fig. 16 is a. block diagram showing the high efficiency coding recording and reproducing apparatus of 
another embodiment of the present invention. In the embodiment in Rg. 4, the low region component of the 
coded block data is recorded as it is. On the other hand, in this embodiment, the low region component is 

40 coded in the difference and is recorded. 

The low region component 171 is a low region component of the block data having had the scan 
converted and processed to be quantized after the DCT process and is given to the selecting circuit 172 
and to the difference coding circuit 174 which codes in the difference the input low region component. That 
is to say, the low region component which is a PCM signal is converted to a DCM signal which is output to 

45 the selecting circuit 172. The track information showing the information of the beginning end and ending 
end of the track is given to the resetting designating circuit 172 which gives the selecting circuit 172 a 
resetting signal based on the track information. That is to say, the resetting designating circuit 175 
generates a resetting signal at a period based on such track information as the speed multiplying number 
and also generates continuously m (m £1) resetting signals at the beginning end of the track. 

so The selecting circuit 172 selects the low region component 171 at the timing of the resetting signal, 
outputs it as a starting block and selects the output of the difference coding circuit 174 at another timing. 
The output of the selecting circuit 172 is given to the record coding circuit 173. The record coding circuit 
173 adds a multiplex parity, synchronous signal and ID signal to the high region component 176 of the 
block data converted in the scan and processed to be quantized after the DCT process and to the low 

55 region component from the selecting circuit 172, further modulates the record or the like and outputs them 
to the VTR part 177 which records the data in a magnetic tape not illustrated and reproduces the recorded 
data in the magnetic tape. 

The reproduced data from the VTR part 177 are given to the reproduction decoding circuit 178 and 
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track crossing detecting circuit 179. The reproduction decoding circuit 178 makes the record demodulation, 
synchronous detection, TBC correction and error correction of the reproduced data and outputs the data to 
the high region component decoding circuit 184, difference decoding circuit 180, resetting detecting circuit 
181 and selecting circuit 182. The high region component decoding circuit 184 decodes and outputs the 

5 high region component of the block data. The difference decoding circuit 180 decodes the difference code 
by the difference coding circuit 174 on the coding side and outputs it to the selecting circuit 182. 

The resetting detecting circuit 181 detects that the starting block has been output from the reproduction 
decoding circuit 178 and outputs a resetting signal to the selecting circuit 182 which will select the output of 
the reproduction decoding circuit 178 and will give it to the low region component decoding circuit 183 only 

w in case the resetting signal is input but will select the output of the difference decoding circuit 180 and will 
give it to the low region component decoding circuit 183 in the other case. The low region component 
decoding circuit 183 decodes the low region component of the block data and outputs it by making the time 
axis coincide with the high region component decoding circuit 184. 

On the other hand, the track crossing detecting circuit 179 detects the timing when the video head 

75 crosses (moves to the adjacent track) from the variation of the envelope of the reproduced data and gives 
the track crossing detecting pulse to the tracking shifting circuit 185 which is given the data of the speed 
multiplying number and the resetting signal from the resetting detecting circuit 181 and outputs to the 
'tracking controlling circuit 186 the signal for designating the optimum tracing position. The tracking 
controlling circuit 186 regulates the tracking of the VTR part 177 on the basis of the output of the tracking 

20 shifting circuit 185. 

The operation of the thus formed embodiment shall be explained in the following with reference to Figs. 
17, 18 and 19. Ftg. 17 is a trace pattern diagram for explaining the operation of the multiplied speed 
reproduction by a track pattern coordinate method. In Fig. 17, reproduced envelopes at the time of the 3- 
time-speed reproduction and 9-time-speed reproduction are schematically shown. 

25 In the speed multiplying reproduction, as the video head traces the track across it, in the crossing 
timing, the envelope will be the smallest and, as shown in Fig. 17, the envelope will be abacus bead-like. 
By the way, in response to the tracking state, the zero cross point of the envelope moves to and fro. Also, 
depending on the recording track width and reproducing track width, the waveheight value of the 
reproduced envelope varies. 

30 Now, in the embodiments in Figs. 4 and 1 1 , the special reproduction is made possible by recording the 
low region coded data at fixed intervals on the tracks. Here, in order to further reduce the bit rate, the low 
region component is predictively coded. In this case, it is necessary to record a so-called start block which 
can be decoded with only single block data without utilizing the correlation. However, as described above, 
heretofore, at the time of the special reproduction, the start block has not been always able to be 

35 reproduced. On the other hand, in this embodiment, the start block is recorded and reproduced at a period 
corresponding to the maximum speed multiplying number in the VTR part 177. For example, at the time of 
the 3-time-speed reproduction, one (each hatched part at the time of the 3-time-speed reproduction in Fig. 
17) start block is recorded at each track scanning time and, at the time of the 9-time-speed reproduction, 4 
(each hatched part at the time of the 9-time-speed reproduction in Fig. 17) start blocks are recorded at one 

40 track scanning time. By the way, by considering that the trace is started at the track beginning end, the 
number of the start blocks may be increased by one each. 

In Fig. 16, the low region component 171 is a start block which can be decoded by reproducing only a 
single block. The data of this start block are given to the difference coding circuit to be coded in the 
difference. The selecting circuit 172 is controlled by the resetting signal and outputs to the record coding 

45 circuit 173 the data of the start block at a timing based on the track information and speed multiplying 
number. 

Fig. 18 is a flow chart for explaining the operation of the resetting designating circuit 175 which 
calculates the recording period (resetting period) of the start block on the basis of setting the speed 
multiplying number of the VTR part 177 in the step S1 in Fig. 18. In this case, in consideration of 
50 reproducing (interchangeably reproducing) the data recorded by the other VTR, u (u £ 1) start blocks are 
continuously recorded. Further, in consideration of the influence of the tracking shift, at the track beginning 
end, m (m£ u £ 1) start blocks are continuously recorded. In the step S1, the resetting designating circuit 
175 sets these repeated resetting number (start block number) u and track beginning end repeating number 
m. 

55 When the trace by the video head is then started, in the step S2, the measurement of the resetting 
period will be started. That is to say, the track information showing the beginning end and ending end of the 
track is input into the resetting designating circuit 175 and, in the step S3, whether the block is to be reset 
or not is judged. In the step S4, whether the start block has been selected u times or not is judged. Also, in 
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the step S6, whether the ending end of the track or not is judged. In the step S7, whether the end of the 
resetting period or not is judged. By these steps S3 to S6, the resetting designating circuit 175 selects the 
resetting start block u times and sets the resetting at each fixed period until the track ending end. 

The data of the low region component from the selecting circuit 172 are given to the record coding 
5 circuit, are multiplexed with the high region component, are given to the VTR part 177 and are recorded in 
a magnetic tape not illustrated. Thus, for example, by the timing shown by the thick line part just after the 
zero cross point of the envelope in Fig. 17, the data of the low region component of the start block are 
recorded. 

The data of the thus recorded start block may be reproduced by the timing in which the reproduced 

io envelope becomes smallest depending on the tracking state or, on the contrary, may be reproduced by the 
timing in which the envelope becomes largest. In order to elevate the decoding rate of the data, it is 
necessary to trace the start block near the track crossing point (the timing of the smallest envelope). For 
this purpose, at the time of the reproduction, the tracking is controlled. ; 

That is to say, the reproduced output from the VTR part 177 is decoded by the reproducing and 

75 decoding circuit 178 and is also given, to the track crossing detecting circuit 179 and the track crossing 
timing of the video head is detected. Of the output of the reproducing and coding circuit 178, the high 
region component is decoded by the high region component decoding circuit 184 and the low region 
component is given to the selecting circuit 182, difference decoding circuit 181 and resetting detecting 
circuit 181. When it is detected that the data of the start block have been reproduced by the resetting 

20 detecting circuit 181, the selecting circuit 182 will give the output of the reproducing and decoding circuit 
178 to the low region component decoding circuit 183 by the resetting signal and will decode it. In the other 
timing, the selecting circuit 182 gives to the low region component decoding circuit 183 the block data 
decoded in the difference by the difference decoding circuit 180. 

On the other hand, the track crossing pulse from the track crossing detecting circuit 179 is given to the 

25 tracking shifting circuit 185 to which are also given the data of the speed multiplying number and resetting 
signal. The optimum tracking position is determined by the operation shown in the flow chart in Fig. 19. 

That is to say, when the track crossing pulse is input in the step S11 in Fig. 19, in the next step S12, 
the tracking shifting circuit 185 will detect the positions and number of the resetting signals from the 
resetting detecting circuit 181 so that it may be judged whether the block data will be positively reproduced 

30 or not whenever the video head crosses the track. In the next step S13, when one track scanning period 
ends, the detected results, positions and number of ail the resetting signals will be detected. In the step 
S14, the tracking state is judged from the detected results. 

In case the tracking is judged to be the best, the process will end but, in case it is not judged to be 
good, the process will shift to the next step S15 in which the tracking adjusting direction and variation 

35 amount are designated to the tracking controlling circuit 186 which shifts the tracking in the step S16 to 
obtain the optimum tracking position. 

Thus, in this embodiment, the low region component is coded in the difference, the data of the start 
block of the low region component are recorded at a predetermined period on the basis of the track 
information in response to the speed multiplying number and, at the time of the reproduction, the optimum 

40 tracking position will be determined from the track crossing pulse and resetting signal to positively 
reproduce the data of the start block. Thereby, such special reproduction as the speed multiplying 
reproduction can be made and, by the difference coding, the bit rate can be further reduced. 

In the present invention, it is apparent that working modes different in a wide range can be formed on 
the basis of the present invention without deviating from the spirit and scope of the invention. The present 

45 invention is not restricted by its specific working mode except being limited by the appended claims. 

Claims 

1. A high efficiency coding recording and reproducing apparatus wherein intra-frame coded and inter- 
so frame coded data are recorded and the recorded coded data are reproduced and decoded, character- 
ized by comprising: 

a recording means fed with coded data in which intra-frame coded data and inter-frame coded data 
are time-divisionally multiplexed and recording them in a recording medium; 

a reproducing means tracing the recording medium, reproducing the recorded data and outputting 
55 the reproduced data; 

a judging means judging the effectiveness of the reproduced data: and 

a reproduction controlling means controlling the running of the recording medium on the basis of 
the judged result of the judging means, controlling the trace of the reproducing means and thereby 
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improving the effective data amount of the reproduced data. 

2. A high efficiency coding recording and reproducing apparatus wherein intra-frame coded and inter- 
frame coded data are recorded and the recorded coded data are reproduced and decoded, character- 
5 ized by comprising: 

a separating means fed with coded data in which intra-frame coded data and inter-frame coded 
data are time-divisionally multiplexed and separating the coded data into a low region component and 
high region component; 

a reproducing means tracing a predetermined recording medium, reproducing the recorded coded 
10 data and outputting the reproduced data; and 

a recording means determining the arrangement of the low region component in consideration of 
the trace at the time of the special reproduction of the reproducing means in order to increase the 
effective data amount of the reproduced data. 

75 3. A high efficiency coding recording and reproducing apparatus wherein intra-frame coded and inter- 
frame coded data are recorded and the recorded coded data are reproduced and decoded, character- 
ized by comprising: 

a recorded code arranging means fed with coded data in which intra-frame coded data and inter- 
frame coded data are time-divisionally multiplexed and outputting the intra-frane coded data with the 
20 addition of a flag showing that they are intra-frame coded data; 

a flag detecting means detecting the flag with the reproduced data given from the recording 
medium in which the coded data are recorded; 

a decoding means decoding the reproduced data from the recording medium by switching the 
intra-frame decoding process or inter-frame decoding process on the basis of the output of the flag 
25 detecting means; 

a recording position presuming means presuming the recording position on the recording medium 
of the intra-frame coded data from the output of the flag detecting means; 

a reproducing speed designating means controlling the trace of the recording track of the recording 
medium on the basis of the data of the speed multiplying number at the time of the reproduction and 
30 the output of the recording position presuming means; and 

an outputting means outputting the output of the decoding means at a period based on the data of 
the speed multiplying number. 

4. A high efficiency coding recording and reproducing apparatus wherein intra-frame coded and inter- 
35 frame coded data are recorded and the recorded coded data are reproduced and decoded, character- 
ized by comprising: 

a coding means coding a predetermined block within one picture with the frequency converted; 
a low region component coding means variable length coding the low region component of the 
conversion coefficient from the coding means; 
40 a high region component codjng means variable length coding the high region component of the 

conversion coefficient from the coding means; and 

a recorded signal arranging means outputting in a synchronous block unit of each synchronous 
signal the outputs as multiplexed of the low region component and high region component coding 
means and outputting the output of the low region component coding means as arranged in a 
45 predetermined position of the synchronous block. 

5. A high efficiency coding recording and reproducing apparatus according to claim 4 wherein the 
recorded signal arranging means is to add to the synchronous block the ID number showing the 
number of the predetermined block and to arrange the output of the low region component coding 

so means in a predetermined position for the ID number. 

6. A high efficiency coding recording and reproducing apparatus according to claims 4 and 5 wherein the 
recorded signal arranging means is to determine the number of the output blocks of the low region 
component coding means recorded within the synchronous block on the basis of the number of the 

55 synchronous blocks recorded in one recording track of the recording medium, the number of the 
predetermined blocks forming one picture and the number of the tracks recording the data of one 
picture. 
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7. A high efficiency coding recording and reproducing apparatus wherein intra-frame coded and inter- 
frame coded data are recorded and the recorded coded data are reproduced and decoded, character- 
ized by comprising: 

a coding means coding the data of a predetermined block within one picture as converted in the 
5 frequency; 

a- low region component coding means coding as predetermined the low region component of the 
conversion coefficient from the coding means; 

a high region component coding means coding as predetermined the high region component of the 
conversion coefficient from the coding means; 
jo a recorded signal arranging means outputting in a synchronous block unit of each synchronous 

signal the outputs as multiplexed of the low region component and high region component coding 
means and outputting the output of the low region component coding means as arranged in a 
predetermined position of the synchronous block. 

a recording means recording the output of the recorded signal arranging means so that the 
75 synchronous blocks may be arranged at fixed intervals on the track of a predetermined recording 
medium; 

a reproducing means reproducing the data recorded in the recording medium with a predetermined 
speed multiplying number and outputting the reproduced data; 

a synchronous detecting means fed with the reproduced data and detecting the synchronous signal 
20 in each synchronous block. 

a high region decoding means decoding the data of the high region component included in the 
reproduced data; 

a low region decoding means decoding the data of the low region component included in the 
reproduced data; 

25 an output order changing means changing the output order of the low region decoding means on 

the basis of the output of the synchronous detecting means; and 

a decoding means decoding the output of the high region decoding means and the output of the 
output order changing means as converted in the reverse frequency and reproducing the picture. 

30 8. A high efficiency coding recording and reproducing apparatus according to claim 7 wherein the 
reproducing means is to set the largest common divisor of the number of the tracks for recording the 
one picture and the speed multiplying number at the time of the reproduction to be only 1. 

9. A high efficiency coding recording and reproducing apparatus according to claims 7 and 8 wherein the 
35 decoding means is to make a reproduced picture by using only the low region component from the 

output order changing means in case a high speed reproduction is made by the reproducing means. 

10. A high efficiency coding recording and reproducing apparatus according to claims 7, 8 and 9 wherein 
the low region component coding means is to obtain the data of the low region component coded by 

40 making a coding process which is different from the process on the high region component for the data 
of a predetermined block within one picture. 

11. A high efficiency coding recording and reproducing apparatus wherein intra-frame coded and inter- 
frame coded data are recorded and the recorded coded data are reproduced and decoded, character- 
's ized by comprising: 

a coding means coding the data of a predetermined block within one picture as converted in the 
frequency; 

a low region component coding means coding as predetermined the low region component of the 
conversion coefficient from the coding means; 
so a high region component coding means coding as predetermined the high region component of the 

conversion coefficient from the coding means; 

a diffeerence-coding means difference-coding the output of the low region component coding 
means; 

a recording means switching and selecting the output of the difference-coding means or the output 
55 of the low region component coding means and recording it in a predetermined recording medium 
together with the output of the high region comonent coding means; 

a reproducing means reproducing the data recorded in the recording mediium with a predeter- 
mined speed multiplying number and outputting the reproduced data. 
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a selection designating means having the output of the low region component coding means 
selected by the recording means at a predetermined timing based on the speed multiplying number at 
the time of the high speed reproduction of the reproducing means and having the output of the 
difference-coding means selected at another timing, 
s a high region component decoding means decoding the high region compoent included in the 

reproduced data, 

a detecting means detecting whether the reproduced data are data of the difference-coded low 
region component or not; 

a difference decoding means decoding the difference-coded low region component included in the 
io reproduced data on the basis of the output of the detecting means; 

a low region component decoding means decoding the non-difference-coded low region compo- 
nent included in the reproduced data on the basis of the output of the detecting means; 

a track crossing detecting means detecting the timing of tracing across the track on the recording 
medium at the time of the high speed reproduction of the reproducing means and outputting the 
75 detected pulses; and 

a tracking controlling means determining the optimum tracing position by the output of the 
detecting means of the timing of the detected pulses and adjusting the tracking of the reproducing 
means in response to the data of the speed multiplying number. 

20 12. A high efficiency coding recording and reproducing apparatus according to claim 11 wherein the 
selection designating means is to make the recording means select the output of the low region 
component coding means more times than at another timing in the tracing timing at the track beginning 
end. 
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FIG.22 
(RELATED ART) 
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FIG. 24 
(RELATED ART) 
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FIG.28 
(RELATED ART) 
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0 The coding controlling circuit (68) time- 
divisionally multiplexes intra-picture coded data I, 
forward predictively coded data P and bidirectionally 
predictively coded data B. In the intra-picture coded 
data, an I process flag showing the intra-picture 
coded data is generated by the sub-code making 
circuit (74). At the time of the reproduction, when 
this I process flag is detected, the reproducing 
speed designating circuit (96) will adjust the re- 



producing speed and the intra-picture coded data 
will be reproduced, because the intra-picture coded 
data can be decoded by the data of a single frame. 
At the time of special reproduction, the reproduced 
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the output type changing circuit (92) outputs the 
reproduced decoded data with a certain period cor- 
responding to the designated speed multiplying 
number. 
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